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Till  BOTTLE  PUMP-UP  TEST  METHOD 
TESTING  THE  AN-M4  ( OM PRESSOR 


I.  INTRODUCTION. 

A.  Purpose. 

The  purposes  of  this  study  are; 

1.  To  develop  and  present  the  mathematical  and  physical  theory  underlying  the  bottle 
pump-up  method  of  determining  the  delivery  performance  of  air  compressors. 

2.  To  develop  computational  formulas  and  techniques  for  calculating  air  delivery 
performance  factors  of  the  AN-M4  compressor,  using  data  collected  from  bottle  pump-up  tests. 

3.  To  investigate  the  compatibility  of  current  air  delivery  performance  factors, 
pump-up  time  and  capacity,  for  the  AN-M4  compressor. 

B.  Scope. 

In  this  report,  only  capacity  and  pump-up  time  will  be  considered  extensively  as 
performance  factors  for  the  AN-M4  compressor.  By  presenting  the  complete  mathematical  and 
physical  theory  underlying  the  bottle  pump-up  method  of  measuring  compressor  capacity,  this 
report  provides  the  background  necessary  for  the  development  of  a realistic  acceptance  test  plan  for 
the  AN-M4  compressor. 

C.  The  AN-.M4  Compressor. 

1 . Description. 

The  AN-M4  compressor  is  a compact,  self-contained  portable  air  compressor  used  to 
provide  high  pressure  air  for  the  M2A1-7  and  M9AI-7  portable  flamethrowers  and  the  M3.  M5,  and 
^33  irritant  dispersers.  The  compressor  is  a three-stage  reciprocating  piston  type  coupled  to  a 
one-cylinder,  four-cycle  gasoline  engine.  Military  Standard  Model  IA08-3.  The  unit  contains  an 
aftercooler  and  moisture  separator  assembly,  including  a pressure  relief  valve.  A complete 
description  of  the  compressor,  including  operating  instructions  and  maintenance  procedures,  is 
contained  in  previous  publications.’  Requirements  pertinent  to  this  study  are  described  below. 

2.  Performance  Requirements, 
a.  Capacity.* 

When  operating  at  3600  rpm,  the  compressor  shall  deliver  standard  air  at  a minimum  of 
3V4  cfm  and  a minimum  pressure  of  2000  psig.  When  operating,  as  above,  the  compressor  shall  not 
require  more  than  2.3  brake  horsepower . . , . Die  high  pressure  airflow  from  the  aftercooler  to  the 
moisture  separator  shall  be  within  I5°F  of  the  ambient  temperature.  The  air  delivery  shall  be 
measured  by  using  the  low-pressure  discharge  nozzle  method  specified  elsewhere*  or  be  the  bottle 
pump-up  method  ....  .Hie  military  specification*  provides  no  formulas  for  actually  calculating 
capacity  from  the  test  data  collected. 


b.  Pump-Up  Time.^ 


The  compressor  unit  when  tested  within  stated  ambient  conditions  shall  deliver  the  rated 
capacity  in  accordance  with  the  requirements  specified  (see  Capacity  above)  and  also  perform  the 
following  . 

Pressurize  a 208  ± 3 cubic  inch  container  with  air  from  0 to  2000  psig  in  a maximum 
period  of  5.5  minutes  under  the  following  atmospheric  conditions: 

(1)  Temperature,  32“  to  95°F. 

(2)  Relative  humidity,  no  less  than  40% . 

(3)  Barometric  pressure,  14.7  ± 0.2  psi  (29.93  ± 0 41  inches  of  mercury), 
c.  Power. 

This  study  is  not  concerned  with  the  power  requirements  of  the  AN-M4  compressor.  The 
specifications  though  stating  a power  requirement  (see  Capacity  above)  make  no  provision  for 
collecting  the  data  necessary  to  compute  the  power  required  to  compress  the  air  delivered. 

D.  Measuring  Compressor  Performance. 

An  extensive  literature  search  indicates  that  two  test  methods,  the  nozzle  test  method 
and  the  bottle  pump-up  test  method,  are  used  to  determine  the  air  delivery  performance  of 
compressors.  Performance  is  almost  universally  measured  in  terms  of  capacity,  the  actual  amount  of 
air  delivered  and  compressed  by  the  compressor.  Other  performance  factors  such  as  volumetric 
efficiency  are  used  for  specific  purposes.  Extensive  discussions  of  compressor  performance  factors 
may  be  found  in  other  publications. ^ Volumetric  efficiency  is  a measure  of  compressor  efficiency. 
It  should  not  be  generally  used  as  a comparative  performance  factor  except  for  compressors  of  the 
same  capacity  class.  In  most  instances  of  compressor  performance,  the  primary  interest  is  air 
delivery  and  power  requirement  per  unit  of  air  delivered  (reference  7.  pages  4-8).  Volumetric 
efficiency,  if  desired,  can  be  computed  from  the  capacity  determinations.  Pump-up  time  is  used  as  a 
comparative  performance  factor  when  speed  is  of  essence  in  pressurizing  a container.  However, 
pump-up  time  tor  any  container  may  be  computed  from  the  capacity  rating  of  the  compressor  once 
it  has  been  determined. 

1 • The  American  Society  of  Mechanical  Engineers  Power  Test  Code  and  the  Nozzle 
Test  Method. 

Standard  criteria  and  procedures  adopted  by  the  American  Society  of  Mechanical 
Engineers  for  testing  compressors  are  given  in  a previous  publication.^  In  particular  this  reference 
provides  extensive  procedural  details,  formulas,  and  test-condition  requirements  for  testing 
compressors  by  the  nozzle  test  method.  The  performance  rating  of  compressors  is  based  on  tests 
conducted  at  ambient  conditions.  Because  these  conditions  vary  widely,  performance  is  guaranteed 
within  a given  tolerance,  usually  3%J 

The  nozzle  test  method  for  measuring  compressor  capacity  is  based  upon  the  known 
discharge  rate,  size,  and  measured  pressure  differential  across  a standard  nozzle.  The  nozzle  selected 
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for  a test  depends  upon  the  capacity  of  the  compressor  to  be  tested.  This  method  is  extremely 
accurate  and  provides  not  only  for  the  determination  of  compressor  capacity  but  also  for  the 
determination  of  compressor  power  requirements.  The  elaborate  test  procedures,  test  conditions, 
and  need  for  well-trained  technical  personnel  to  conduct  the  test  may  discourage  its  use  as  a routine 
acceptance  test.  This  method  may  be  used  to  test  displacement  compressors  such  as  the  AN-M4 
compressor,  vacuum  pumps,  and  blowers. 

2.  The  Bottle  Pump-Up  Test  Method. 

In  the  bottle  pump-up  method  of  determining  compressor  capacity,  the  air  delivered  by 
the  compressor  is  discharged  into  a closed  tank  or  bottle  of  known  volume.  The  time  required  to 
achieve  a given  pressure,  the  inlet  temperature  and  pressure,  and  the  final  tank  temperature  are 
measured.  From  these  data,  the  volume  of  ambient  air  delivered  by  the  compressor  may  be 
computed  and  expressed  in  volume  per  unit  time,  such  as  cubic  feet  per  minute.  Because  of  the 
difficulty  of  measuring  the  true  temperature  and  volume  of  the  tank  and  piping  and  the  true  volume 
of  water  vapor  condensate,  this  method  yields  only  approximate  results.  It  should  not  be  used 
where  extreme  accuracy  is  required. 

The  bottle  pump-up  test  method  is  ideal  for  routine  acceptance  testing  if  high  accuracy  is 
not  required.  Its  advantages  arc:  (1 ) It  is  a relatively  simple  test  setup.  (2)  highly  trained  personnel 
arc  not  required  to  conduct  the  tests.  (3)  tests  may  be  conducted  under  a wide  range  of  test 
conditions  of  temperature,  pressure,  and  relative  humidity. 

The  military  specification^  for  the  AN-M4  compressor  contains  detailed  test  procedures 
for  conducting  the  bottle  pump-up  test  under  a wide  range  of  test  conditions.  However,  it  does  not 
provide  the  necessary  formulas  for  computing  the  performance  factors,  capacity  and  pump-up  time, 
under  standard  test  conditions;  i.e.,  corrected  for  standard  temperature,  pressure,  relative  humidity, 
and  speed.  The  contractors* for  the  AN-M4  compressor  used  different  formulas  to  calculate 
corrected  pump-up  times.  These  formulas  yield  different  results  for  identical  test  conditions.  As 
stated  earlier,  one  of  the  purposes  of  this  report  is  to  derive  appropriate  formulas  for  the  calculation 
of  performance  factors  from  test  data  collected  under  ambient  test  conditions. 

II.  CONCLUSIONS  AND  RECOMMENDATIONS. 

A Conclusions. 

The  joint  use  of  capacity  and  pump-up  time  as  performance  factors  for  the  AN-M4 
compressor  may  lead  to  inconsistent  evaluation  of  compressor  performance  when  the  compressor  is 
tested  under  a wide  range  of  test  conditions. 

The  capacity  and  pump-up  time  specifications  for  the  AN-M4  compressor  are  compatible 
in  the  sense  that,  if  the  compressor  performs  at  its  rated  capacity  under  standard  test  conditions,  it 
will  also  meet  its  pump-up  time  requirements  within  the  specified  range  of  operating  conditions. 
However,  “within-tolerance"  pump-up  times  obtained  under  a wide  range  of  test  conditions  cannot 
be  used  to  imply  that  the  compressor  will  perform  at  its  rated  capacity. 

Correcting  pump-up  time  and  capacity  for  relative  humidity  rather  than  the  amount  of 
condensate  collected  provides  a better  estimate  of  these  performance  factors. 
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The  bottle  pump-up  test  method  yields  only  approximate  values  for  capacity  and 
pump-up  time.  However,  the  values  are  adequate  for  evaluating  the  performance  of  the  AN-M4 
compressor. 

B.  Recommendations. 

If  a more  definitive  measure  of  the  AN-M4  compre.ssor  air  delivery  performance  is 
desired,  the  following  recommendations  are  suggested: 

1.  Air  delivery  performance  should  be  measured  by  capacity,  corrected  to  standard  or 
specified  conditions. 

2.  Capacity  should  be  computed  using  the  relative  humidity  method  developed  in  this 

revrort. 

3.  If  pump-up  time  is  desired,  it  should  be  computed  using  the  relative  humidity 

method. 

in.  DEFINITIONS  AND  NOTATION. 

A.  Definitions. 

Actual  capacity  quantity  of  air  actually  delivered  and  compressed  per  unit  time  by  the 
compressor. 

Adiabatic  compression  compression  with  no  heat  transferred  to  or  from  the  air  being 
compressed. 

Clearance  - clearance  volume  divided  by  the  displacement  of  the  cylinder. 

Clearance  volume  - volume  remaining  in  the  cylinder  at  the  extreme  position  of  the 
piston  at  the  end  of  the  compression  .stroke. 

Compression  ratio  ratio  of  absolute  discharge  pressure  to  absolute  inlet  pressure. 

Displacement  volume  displaced  by  the  piston  including  clearance  volume.  For 
multistage  compressors,  displacement  refers  to  the  first  stage  cylinder  only. 

Free  air  air  at  ambient  conditions. 

Isothermal  compression  - compression  at  constant  temperature;  discharge  temperature 
= intake  temperature. 

Standard  air  air  at  68“F,  36%  relative  humidity,  and  14.7  psia. 

Standard  conditions  atmospheric  conditions  of  68°F,  14.7  psia  barometric  pressure, 
and  36%  relative  humidity. 

Volumetric  efficiency  ratio  of  actual  capacity  to  displacement. 
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B.  Notation. 

1 . Symbols. 

A actual  capacity 

B barometric  pressure 

C - volume  of  condensate 

c conversion  factor,  cc/hr  or  ml/hr  to  cu  ft/sec 

D - compressor  displacement 

d average  density  of  water  for  temperature  range  of  32°  to  131°F, 

d = 62.1 145  Ib/cu  ft 

E volumetric  efficiency 

F volume  of  free  air  delivered 

G - universal  gas  constant.  G = 1 545.324458  ft-lb  (lb-moles)'*  (deg  R)"' 

H - relative  humidity 

M molecular  weight 

n - number  of  moles 

P absolute  pressure 

— vapor  jiressure 

P”  partial  pressure 

R characteristic  gas  constant.  R = G/M 

R'  characteristic  gas  constant,  air.  R'  = 53.353 1 1 7 ft/deg  R 

R"  characteristic  gas  constant,  water.  R”  = 85.778257  fl/deg  R 

r moisture  condensation  rate 

S - compressor  speed 

T absolute  temperature 

t --  pump-up  time 

V volume 


V - volume  of  measuring  tank  or  bottle,  v = 0. 1 2037  cu  ft 
W weight 


Subscripts. 


0 - standard  conditions 


I - ambient  or  initial  conditions 


discharge,  bottle  or  final  conditions 


3.  Abhrcviiitions. 


cc  Liibk  tonlitiK’U’rs 

d cubic  led 

dm  cubii.  led  per  minute 

ml  milliliter 

psiu  pounds  per  s<)u;ire  ineb  .ibsolule 

psig  pounds  per  si|u;ire  inch  gage 

rpm  revolutions  per  minute 

IV.  THH  THhORKTK’AL  HASIS  Ob  THb  BOITLl-i  PUMP-UP  TbST  MI  TIIOD. 


Capacity. 

All  computations  of  compressor  capacity,  regardless  ot  tlic  method  used  to  measure  it. 
are  based  upon  some  form  ol  the  equation  of  state  for  an  ideal  gas.  Air  in  particular  may  be 
considered  an  ideal  gas  for  most  practical  applications  and  the  equations  may  he  u.sed  without 
modifications. 

Various  forms  of  the  e(|uatioii  of  state  lor  an  ideal  gas  are. 

PV  = n(;i  (I) 

PV-WRT  C» 


P,V 


I 


PsV-, 

4. 


(3) 


i'or  an  iileal  gas  undergoing  adiabatic  change,  the  law  becomes 

PlV^-P,vH  (4) 

where  k is  a constant  characteristic  of  the  gas  undergoing  change. 

In  the  bottle  pump-up  method,  a tank  of  known  volume  v is  pressurized  to  a pressure  Ps 
and  the  pump-up  time  I is  used  to  compute  the  capacity  of  the  compressor.  The  volume  V ] of  air 
required  to  pressurize  the  tank  to  a given  pressure  Pi  may  be  calculated  using  equation  3. 

T|PiV2 
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Tl)o  tank  contains  a volume  v ol  amhicnl  air.  lic-ncc  the  volume  F " of  air  delivered  to  the  tank  hy 
the  compressor  is 


1 iP^V^ 

F"  = V,  - v = -Tjfr  - '' 


- P1T2) 

F’lT, 


(5) 


since  V-)  = v. 

1 . Correction  tor  Moisture  ('ontent. 

The  volume  of  air  F|"  actually  delivered  to  the  tank  is  dry  air:  Because  of  the  h,ij:h 
pressure  (2000  psig)  and  relatively  small  temperature  change  during  compression,  all  vapor  is 
condensed  from  the  air  delivered  by  the  compressor. The  moisture  content  of  the  original  air  in  the 
tank  at  the  start  of  pump-up  is  negligible  due  to  the  small  volume  of  the  tank.  0.1204  cu  ft.  A 
typical  volume  of  the  condensate  in  the  tank  due  to  the  original  vapor  is  approximately  0.000.^  cu 
ft.  The  total  volume  F|  of  free  air  handled  by  the  compressor  is  F"  plus  the  equivalent  volume  C of 
the  condensate.  The  correction  for  moisture  content.  C.  may  be  calculated  by  either  the  condensate 
method  or  the  relative  humidity  method  (below).  However,  in  sample  calculations,  the  relative 
humidity  method  yields  corrections  nearly  twice  as  large  as  those  calculated  using  the  condensate 
method.  This  is  possibly  due  to  the  loss  of  condensate  during  compression  due  to  leakage, 
condensation  in  piping,  evaporation,  etc. 

a.  Condensate  Method. 

This  method  is  the  simplest  to  u.se  and  does  not  require  the  availability  of  a table  of  vapor 
pressures  for  water  vapor.  The  correction  for  condensation  is: 


drtR"T, 

and  the  volume  F|  of  free  air  handled  by  the  compressor  under  ambient  conditions  is 


where 


''(•*2^1  - P1T2)  drtR”T, 
" P,T2 

d = average  density  of  water 

r = rate  of  condensation 


(6) 


(7) 
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Under  these  eonditions.  the  compressor  must  pressurize  a 208  ± 3 eu  in.  tank  to  a pressure  of 
2000  psip  within  330  seconds,  pump-up  time  t.  At  the  same  time,  the  compressor  must  deliver 
siiindartl  air  at  the  rate  of  3.25  cfm.  It  is  shown  in  section  V.  A.  that  the  requirement  for  both  a 
pump-up  time  .specification  and  a capacity  specification  arc  confusing  and  redundant.  It  is  possible 
to  meet  the  pump-up  time  specification  without  meeting  the  capacity  specification.  However,  if  the 
compressor  meets  the  capacity  specificatum  it  also  meets  the  pump-up  time  specification.  The 
pump  up  lime  Iq  corrected  tor  standard  «onditions  ot  temperature,  pressure,  relative  humidity, 
and  speed  may  be  found  by  using  the  equation 


‘O  ~ 


0.0I006(B|  - H,P,')S|t| 


(10) 


B|  and  P|  are  in  psia 

It  the  L.mdensate  method  is  used  to  correct  l<tr  vaperr  loss,  we  use 


0.00998B,S,t, 


‘o  - 


B|  is  in  psia. 

To  compute  the  capacity  under  standard  conditions,  use 


''o 


(2000  + B|)26006.4T, 
( B j - 1 ^ 1 ^”^2^  1 M 


cfm 


t|  is  m seconds 
Bj  is  in  psia 
P|  IS  in  psia 
S|  is  in  rpm 

If  the  condensate  method  is  used  to  correct  for  vapor  loss,  then 


A = 


^TiSo(P2To  - BoTj)  clrR"To 


ToT2BiSif  j 


Br 


(II) 


(12) 


(13) 
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Substituting  the  known  values  lor  the  initial  cou-  lions,  wc  obtain 


26006.41,(2000  + B,  -0.02784Ti) 

" Wii; — ^ X lo-^r 


1 14) 


wile  re 

B|  is  in  psia 
S,  is  in  rpm 
1 1 is  in  sceonds 
A is  in  el'm 
R is  in  ml/hr  or  ee/hr 

V APPL  ICATION  TO  THE  AN-M4  COMPRESSOR. 

Capacity  and  Pump-Up  Time  as  Specifications  ot  Pertormanee. 

The  specified  or  rated  capacity  A,  of  the  AN-M4  compressor  is  3.25  cfm  of  standard  air 
delivered  at  2000  psig.  The  specified  pump-up  time  Iq  is  330  seconds  under  the  conditions: 

1 . Temperature  range  32°  to  ‘>5°r. 

2 Relative  humidity  - not  less  than  40%. 

3.  Barometric  pressure  14.7  ± 0.2  psia  (29.93  ± 0.41  inches  of  mercury). 

We  wish  to  determine  the  compatibility  of  these  specifications  with  respect  to  each  other. 

By  definition 

= ^0  **2^2^0 

‘0  S6'T2BoA5 


Aq  is  in  cfm 

If  Aq  = 3.25  cfm,  Iq  assumes  its  maximum  value  when  Tq  t.,,  that  is  if  compression  is 
isothermal  For  this  case,  Iq  = 305  seconds;  thus,  a pump-up  time  specification  of  330  seconds  for 
practical  situations  is  consistent  with  the  capacity  and  temperatuic  specifications. 


to  ~ 


990.081  IT, 

~^2 


0 


sec 


(15) 
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Equation  I S illustrates  the  fact  that  if  the  compressor  meets  or  exceeds  its  capacity 
specification  then  it  meets  or  exceeds  its  pump-up  time  specification.  If  it  does  not  meet  its 
capacity  specification,  however,  it  may  still  meet  its  pump-up  time  specification  if  T2  is  large 
enough.  Although  the  specification  (reference  4.  para.  3.7.2)  states  that  both  pump-up  time  and 
capacity  requirements  must  be  met  by  the  compressor  unit,  test  reports  of  acceptance  tests  by  the 
manufacturers*  ’ do  not  compute  capacity  for  the  units.  Apparently  it  is  assumed  that  if  pump-up 
time  is  within  tolerance  then  capacity  is  also.  Table  A-1,  appendix  A,  presents  actual  test  data* 
illustrating  the  pump-up  time-capacity  relationships. 

Computation  of  capacity  sufficiently  describes  the  air  delivery  performance  of  the 
compressor  since  if  the  capacity  specification  is  met  the  pump-up  time  must  be  less  than  the  desired 
330  seconds.  It  is  not  necessary  to  calculate  the  corrected  pump-up  time;  Equation  B6  in 
appendix  B yields  the  capacity  corrected  for  pump-up  time  and  specified  test  conditions  of 
pressure,  temperature,  relative  humidity,  and  compressor  speed. 

VI.  DERIVATIONS  OF  EQUATIONS. 

A.  Moisture  Correction. 

During  the  compression  cycle  of  the  AN-M4  compressor,  condensed  water  vapor  is 
removed  from  the  compressed  air  prior  to  discharge  into  the  receiving  tank  and  collected  in  the 
water  separator  of  the  compressor.  The  amount  of  water  removed  is  periodically  recorded  during 
testing.  Due  to  the  high  compression  ratio  and  cooling  of  the  air  before  discharge,  all  moisture  is 
removed  and  the  compressed  air  discharged  into  the  tank  is  dry  air. 

At  high  relative  humidities,  the  volume  loss  due  to  moisture  condensation  may 
significantly  reduce  the  computed  capacity  of  the  compressor  if  no  correction  is  made  for  this  loss. 
This  is  due  to  the  fact  that,  in  the  bottle  pump-up  method,  capacity  calculations  are  based  upon  the 
volume  and  pressure  of  air  in  the  tank  after  compression.  Without  correction  for  vapor  loss,  this 
volume  does  not  represent  the  total  volume  of  free  air  handled  by  the  compressor. 

1 . Condensate  Method. 

The  volume  C of  vapor  handled  by  the  compressor  is 


WR"T 

B 


(16) 


where  W is  the  weight  of  the  condensate.  The  water  vapor  condensation  rate  is  measured  in  cubic 
centimeters  per  hour  or  milliliters  per  hour,  hence 


W = dcrt 


and  it  follows  that 


dcrtiR"Ti 


(17) 


IS 


- - - • 


The  volume  V | of  dry  ;iir  required  to  pressurize  the  t:ink  is 

INVjT, 

Hence  the  total  volume  F|  of  free  air  handled  by  the  compressor  iliirinr;  pump-up  time  t|  is 

PsViTi  dcrt|R’’T| 

^1  " BjTt  * 


or 


*1  “ + d^rtlK"T2) 


1 1 

Fj  = g^(240.8  + 0.1204B,  + 3.62%  X 10  '^rljT2) 


B|  is  in  psia 
r is  in  cc/hr 
t|  is  in  seconds 


F,  = 


r.  _ 

-^(240.8  0.I204B,  + 3.6297  X lO  'rtiT^j 


B|  is  in  psia 
r is  in  ml/hr 
1 1 is  in  seconds 


Example. 


T,  = 97“F = SST^R 
B|  =29.4in.of  Hg 
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(18) 


(19) 


(20) 


Hg  = Mercury 


T2=  100'“F  = 560°R 
r = 56  cc/hr 
t j = 329  seconds 
Pj  = 0.8689  psia 
S|  = 3477.5  rpm 


using  equation  1 8 


29.4  X 0.4912  X 560 


^240.8  + 0. 1 204  X 29.4  X 0.49 1 2 + 3.6296  X 1 0'^  X 329  X 560^ 


F|  = 16.96  cf 


If  no  correction  is  made, 


(2000  29.4  X 0.49 1 2)  0. 1 204  X 557 


560  X 29.4  X 0.4912 


F,  = 16.70  cf 


a difference  of  0.26  cf. 


2.  Relative  Humidity  Method. 

The  volume  V | of  dry  air  required  to  pressurize  the  tank  is 


' TjB, 


Let  F|  be  the  total  volume  of  free  air  required  to  pressurize  the  tank.  The  partial  pressure  of  the 
water  vapor  in  the  free  air  is 
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V,'  is  the  volume  occupied  by  the  vapor  at  barometric  pressure  B, , The  volume  of  la-e  air  required 
to  pressurize  the  tank  is 


F|  = 


V,  + V, 


P2^2T|  PiF| 

B|T2  B, 


F| 


P2V2T1 

T2(B,  - H,P() 


and  since  Pi  - 2000  + B | . V2  - 0. 1 204  cf 

(2000  + B|)0.I204Tj 
" T2(B,  - H,P,')“ 


(21) 


(22) 


B|.  p|  are  in  psia. 

Example.  Using  the  data  given  in  the  example  above, 


(2000  + 29.4  X0.4912)0.1204  X 557 
560(29.4  X 0.4912  - 0.51  X 0.8689) 

F|  = 17.23  cf 

B.  Pump~Up  Time. 

Pump-up  time  t is  directly  proportional  to  the  volume  F of  air  compressed  and  the  speed 
S of  the  compressor. 


kF 

‘ = IT 


Pump-up  times  are  measured  under  ambient  conditions.  A formula  is  needed  for  conversion  to 
standard  or  specified  conditions.  Set 


kFo 


kFi 
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Then 


. Wi 

*0-  F,So 

P2V2T0  T2B,  ^ 

" T2B0  ^ P2V2T,  ^ So  ‘1 
‘0  = TjBqSo  *• 

If  the  corrections  for  relative  humidity  are  applied  to  equation  23, 


Tq(B,  - HiPi')S|t| 

Ti(Bq  - HoP^)So 


Since  Tq  = 528.  Bq  = 14.7.  Hq  = 0.36.  P^  = 0.3394.  and  Sq  = 3600  rpm, 


‘0  * 


0.0I006(B,  - HjP,')S,ti 

- 


B I is  in  psia 
P]  IS  in  psia 
Sj  is  in  rpm 

Example.  Using  the  data  given  in  the  first  example 


0.01006(29.4X0.4912 

to  


0.51  X 0.8689)3477.5  X 329 
557 


tg  “ 298.3  seconds 

If  t is  calculated  using  equation  23,  e.  g.,  no  correction  made  for  relative  humidity: 


*0 

‘0 

a difference  of  2.3  seconds. 


528  X 29.4  X 0.4912  X 3477.5  X 329 
577  X 14.7  X 3600 
296  seconds 


(23) 


(24) 


(25) 
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c 


C\ip;icity  Under  Standard  Conditions  (’orrcck'd  lor  Spccil 


By  definition,  capyeity  Aq  under  standaid  conditions  is 


Aq  = 


Lo 

‘0 


P2V2T1S0 

TjfB,  - H,P|)S,t, 


and  since  Ps  = 2000  psig.  Vs  =0.1 204  cf.  Sq  = 3600  rpm 


(2000  + B,)26006.4T, 

Aq  cfm 

T2(B,  - H,P|)S,tj 


(26) 


(27) 


t|  is  in  seconds 
B|  is  in  psia 
Pj  is  in  psia 

Fxample.  Using  data  in  the  first  example: 


^ (2000  + 29.4  X 0.4912)26006.4  X 557 

® 560(29.4  X 0.4912  - 0.51  X 0.8689)3477.5  X 329 

Aq  = 3.25  cfm 

if  no  correction  is  made  for  relative  humidity,  wc  use  Bi  in  equation  27  rather  than  Bi  - HiPj. 
Then 


Aq  = 3.15  cfm 

Here  the  correction  for  relative  humidity  is  significant,  without  the  correction,  the  compressor 
does  not  meet  its  rated  capacity  specification  of  3.25  cfm. 
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APPKNDIX  A 


TABLi; 


T ahU‘  A-1  Hump  Lp  Tmir  ^nd  ( apicMy  •««  AN  M4  ( mupfi'ssm 

I'ndfj  VafjtUis  Ffsi  ( omlinons* 


{ Inukr 

1 lentpervluir 

Bottle 

temperature 

Intake 

pressure 

KeUiive 

humidity 

Vap«*t 

pressutc 

( <»mpreiS(»r 
speed 

Pump  111’  turn-**  ] 

(.)p.KlIV  . -•lUi.  IfiJ  1 

t Jtc 

mi 

immii 

iIH'lli'  ’>1 

1 

y 

in  of  Hg 

pvij 

(pit) 

mi  Ik 

' 

. I’ll 

lo: 

30  17 

0 90 

04298 

uoo 

41  H 

296 

1 M 

> 4.' 

mi 

10  18 

0 82 

0 4298 

3400 

53  1 

3 f>(. 

M 

..s 

to  0^ 

Oh' 

0 

34(N> 

3>(  M 

304 

3 4 

. 1 ■ 

go 

ig  gg 

0 8^ 

0 4 .'9h 

3 500 

' 2 r. 

331 

3 0<  ( 

< (Hi 

K) 

30  03 

0 66 

0.3h3I 

35*'5 

3|M 

3 1 i 

3 1 ’ 

3 O' 

■'o 

7g 

30  03 

0 66 

0 3631 

35*»5 

iH  g 

324 

i|>* 

3 II,' 

bi 

9S 

:9.go 

0 49 

0524’ 

35'5 

29  5 

318 

3U5 

3 1 1 

3 IK 

1 bl 

06 

:g  90 

049 

05:4'’ 

35?< 

3h  9 

330 

3 1 ' 

' gg 

105 

30.06 

0 52 

0-5(»03 

3575 

2H  1 

324 

311 

3 ixr 

2 94 

ny 

gg 

30  06 

0.52 

05603 

3575 

35  0 

324 

3)1 

3 (U 

2 *'8 

■>g 

■M 

3007 

0,54 

04915 

5500 

32  4 

.3.37 

3 19 

2 gx 

2 9 3 

'g 

g4 

30  07 

0,54 

0.4915 

3450 

40  5 

.335 

31  3 

’ (V4 

.3  (HI 

H5 

f07 

:9  93 

071 

05959 

3575 

56  3 

396 

3“3 

2,49 

2 44 

»5 

104 

2993 

0 73 

0 5959 

3575 

424 

.324 

30S 

.3  Ot^ 

2 98 

84 

gs 

:g  71 

0 73 

0«7HI 

3575 

41  K 

<1(1 

3tl9 

3 Oh 

2 98 

84 

lo: 

:g  69 

073 

0 57K1 

,!525 

53  7 

315 

295 

.3  18 

.3  1 1 

8Q 

1 14 

30.01 

0 56 

0.6777 

3500 

49.0 

.3  30 

304 

3 02 

2 96 

78 

too 

30  o: 

0 77 

04761 

3500 

53.5 

324 

305 

.3  IN 

.3,0.3 

77 

95 

300! 

0 77 

04606 

3500 

53.5 

318 

300 

3 17 

3,1 1 

76 

100 

30o: 

079 

04452 

3500 

53  5 

320 

303 

3.1  1 

3 05 

76 

95 

30  03 

0 82 

0 4452 

3500 

53  5 

318 

.301 

3 Ih 

3 10 

83 

101 

2991 

076 

0 5603 

3575 

42  4 

392 

«;  3 

2 91 

2 83 

80 

95 

29  91 

0 79 

05069 

3575 

42  4 

326 

310 

3.0(> 

2 99 

80 

94 

:9  89 

080 

0.5069 

3575 

42  4 

325 

309 

3 08 

3 (H) 

79 

93 

:9.89 

0.82 

0 4915 

3575 

424 

321 

306 

3 12 

.3,04 

7» 

91 

29  90 

084 

0 4761 

3575 

42  1 

324 

309 

3 09 

.3  02 

* ThMt  d«u  were  ; *ken  from  reference  8. 

**  himpmp  time  « corrected  by  the  reUtiec  humidity  methtnl 
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Al’Pl  NDIX  B 


BASIC  1 QUA  1 IONS  I OR  HU-  BOH  LJ  PUMP  III’  1 1 SI  Ml  THOI) 

The  equations  below  use  the  relative  humidity  method  to  enrrect  for  moisture  content.  B 
and  P are  in  psia,  T is  in  degrees  R.  and  t is  in  seconds. 

1 . Volume  of  Free  Air  Delivered. 

PsV^T, 

F = T fBI  > 

IStB,  - H,Pj) 

To  obtain  the  volume  ol  standard  air  delivered  replace  the  subscript  1 by  0. 

Applied  to  AN-M4  compressor 
Volume  of  free  air  delivered: 


(2000  + B,)0.I204T,  , 

■I  = ! — ^ fi-' 

T^tB,  -H,P,) 

Volume  ol  standard  air  delivered: 

(2000  + B,)4.3608 


2.  Capacity. 


P2V2T, 

^0  ■ lAtB, 

® T2(B,  - H,P|)S,t| 

Applied  to  AN-M4  compressor 


(B2) 


(B3) 


(B4) 


(B5) 


(2000  + B,)26006.4T, 

T2(B,~nT,P|)S,t| 


cfm 


(Bo) 
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3 Punip-Up  Tunc. 


PiVil,  »1 

A[(B|  - HiPjni  A, 

_ T()(B|  - HiPpS.t, 
Tj(Bq  - HqPq)Sq 

Applied  to  AN-M4  compressor 


0.01006(B|  - H|P,')S,t| 
to  ^ ''^•e 

‘ I 


(B7) 


(B8) 


(B9| 
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Superintendent 

Drlcnse  IXicumcniatuin  Center 

Academy  of  Health  Sciences 

Attn 

Accessions  Division 

12 

US  Army 

Camernn  Station 

Atln  HSA-LTX' 

Alexandria.  VA  22314 
Director 

Attn:  HSA-RHI 
Eon  Sam  Houston.  TX  78234 

Defenae  Inielliftence  Agency 

US  ARMY  MATE R 11  L DEVELOPMENT  AND 

Attn:  DIR-40I 
Waihington.DC  20301 

1 

READINESS  COMMAND 
Commander 

DEPARTMENT  OE  THE  ARMY 

US  Army  Materiel  Development  and 
Readiness  Command 

HOD  A (DAMO-ODC) 

1 

Attn:  DRCSF-C 

WASH  DC  20310 
Director 

Defenae  Civil  Preperedneaa  Agency 

Attn:  DRCDE-WB 
5001  Eisenhower  Ave 
Alexandria.  VA  22333 

Attn: 

RE(DEP) 

1 

Attn:  POfDO 
Wtahii«ton.  DC  20301 

1 

(opus 


I 


1 


1 


1 


1 


1 

I 


1 

1 
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Njnicv 
( tMimundi'i 

I S Aini\  I Si  K’nii'  & li'chn«l(>);y  Ccnlct 

Altn  DRXST-I.Sl 
Scvcnih  St  . Nl 
OiuiliiMcwilli',  VA  2 ’’JO  I 

(nninunilor 
USAMC  Si  n t I'R 
APO  New  York  09710 

Commander 

I'S  Army  Science  & Technology 
Center-I  ar  I jsl  Ol'lice 
APO  San  Tranciseo  96328 

1‘roieet  Manager  lor  Chemictal  Dcmilitari/ation 
and  Inclallation  Restoration 
Attn  DRCPM-DR 
AKi-ldgeyyood  Area 

CS  ARMY  ARMAMP NT  COMMAND 

Commander 

I S Army  Armament  Command 
Attn  DRSAR-ASII 
Attn  DRSAR-RDT 
Attn:  DRSAR-SA 
Roek  UUnd.lL  6U(U 

Commander 
Pine  Blulf  Arsenal 
Attn  SARPBKTA 
Pine  Bluff.  AR  71611 

Commander 
Trankford  Arsenal 

Attn  Library  Branch,  TSP-L 
Bldg  SI -2 

PhUadelphia.  PA  19137 

DS  ARMY  TRAININC;  & IKKTRINT  C OMMAND 

Commandant 
US  Army  Infantry  School 
Combat  Support  & Mainlenama;  Dept 
Attn:  NBC  Division 
Tort  Bcnning.  CiA  31905 

Commandant 

US  Army  Missile  & Munitions 
Center  Sl  School 
Attn:  ATSK-TEB-f 
Redstone  Arsenal,  AL  35809 

Commander 
US  Army  Armor  School 
Altn:  ATSB-CD-MS 
Tort  Knos,  KY  40121 


Copies  Names 

< oinmander 

US  Army  Inlanlry  Schiail 
2 Altn  ATSIU  I)  MST 

I orl  Henning.  (*A  31‘>lt.5 

('omin.indanl 

I US  Army  Ordnance  t enter  A Sclitml 
Attn  A TSI -CTD  MS-C 
Apt. -Aberdeen  Area 

I US  ARMY  Tl  SI  & I VAI  UAIIONCOMMAND 

Record  Copy 
CDR.  APt. 

Attn  STI  AP-AD-R/KIIA 
APC;-I  dgewood  Area.  Hldg  I 5179 

1 CDR,  APt. 

Attn  STIAP-11 
APO-Aberdeen  Area 

Commander 

US  Army  lost  A I valualion  ( onnnand 
Altn:  AMSTT.-NB 
I APti-Aberdeen  Area 

I 

I Commander 

V'S  Army  Tropic  Test  Center 

Altn.  ST1;TC-M0-A  ( lech  l ibrary) 

APO  New  York  09827 

I Commander 

Dugsvay  Proving  C.iound 
Altn:  STI  DP-Pt 
Dugway,  UT  84022 

1 DFPARTMT.NT  OF  THI  NAVY 

Chiet  ol  Naval  Research 
Altn  Code  44  3 

8IM1  N Ouincy  Street 
Arlington.  VA  22209 

Comma  ndei 

Naval  .Surlaee  Weapons  Ceiilet 
I While  t>ak  laboratory 

Silver  S|>ring,  MD  20910 

Commander 

Naval  Inlelligence  Support  Center 
4301  Suitland  Road 
I Washington.  IX'  20390 

Commander 

Naval  Surface  Weapons  t'cntci 
Dahlgren  Laboratory 
I Atln;  C.FC 

Dahlgren,  VA  22448 


Copies 


I 


I 


1 


I 


1 


1 


1 


1 


1 
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Nnmc\ 

(uninundrr 

Nuclcai  Weapons  Training 
('iroup-Allantic 

Ann  Nudcai  Warfare  Depatlmcnt 
Norfolk,  V A ’.VS II 

Chief,  Bureau  >if  Medicine  & Surgery 
Department  of  the  Navy 
Attn:  corn  .S53-1 
Washington,  DC  20372 

Comttunder 

Naval  Air  Systems  Command 
Attn:  Code  AIR-3501: 

Attn:  Code  AIR-5323IB 
Washington,  DC  20361 

Comtrunding  Officer 

Naval  Weapons  Support  Center 

Attn:  Code  5042/Dr.  B.  K.  Douda 
Crane,  IN  47522 

DKPARTMI  NT  ()l  TIIF  AIR  f ORCK 

HO  l-oreign  Technology  Division  (AFSC) 
Attn  PDTR-3 

Wright-Patter«m  AFB,  OH  45433 
Commander 

Aeronautical  Systems  Division 
Attn:  ASD/AFLD 
Wright-Patterson  AFB.OH  454  3 3 

HO.  t'SAI 7S<;PR 
I'Orrcstal  Bldg 
WASH  IK  20314 

HO.  Cigden  ALC/MMWRAT 
HUl  AFB,  DT  84406 

Director 

Air  Force  Inspection  and  Safety  Center 
Attn:  IC.D(AFISCVSEV) 

Norton  AFB.CA  92409 


Copies  Names 

OtriSlDI  AOI  NCM  S 

Director  of  Toxicology 
1 National  Research  Council 

2101  Constitution  Avc  NW 
Wasliinglon,  DC  204IS 

Director 

I Central  Intelligence  Agency 

Attn:  ORD/DD/S&I 
Washington.  DC  20505 
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1 
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